Serum YKIL-40 levels are associated with
type 2 diabetes mellitus in patients with
obstructive sleep apnea syndrome
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ABSTRACT. Patients with obstructive sleep apnea syndrome (OSAS)
have an increased risk for type 2 diabetes mellitus (T2DM). It has
been recently demonstrated that serum YKL-40 levels, also named as
human cartilage glycoprotein 39, are elevated in T2DM patients. The
aim of this study was to determine whether serum YKL-40 levels are
associated with T2DM in patients with OSAS. This study consisted of
432 patients with OSAS (234 and 198 patients with and without T2DM,
respectively). Serum YKL-40 levels were examined using the enzyme-
linked immunosorbent assay method. OSAS patients with T2DM had
significantly elevated serum YKL-40 levels compared to those without
T2DM [205.02 (146.16-272.70) vs 135.72 (114.06-163.38)]. According
to the multivariable logistic regression analysis, serum YKL-40 levels
were an independent determinant of T2DM in patients with OSAS.
Furthermore, based on the linear regression analysis, serum YKL-40
levels were positively associated with the body mass index, systolic
blood pressure, serum triglyceride levels, homeostasis model assessment
of insulin resistance, and levels of C-reactive protein, fasting plasma
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glucose, 2-h postprandial plasma glucose, and HbAlc in patients with
OSAS. Elevated serum YKL-40 levels may serve as a new biomarker
to predict T2DM in patients with OSAS.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive collapse of
the upper airway during sleep, obstruction of airflow, and oxygen desaturation, and could
cause sleep arousal (Guven et al., 2012). It is estimated that this disease affects about 4% of
adults (Young et al., 1993). The changes in sleep architecture of OSAS patients contribute
to the prominent symptom of daytime sleepiness, which leads to impairments in the quality
of life, cognitive performance, and social functioning (Perciaccante et al., 2008). It has been
recently demonstrated that OSAS patients have an increased risk of developing glucose intol-
erance, insulin resistance, and type 2 diabetes mellitus (T2DM) (Rasche et al., 2010).

YKL-40, also referred to as cartilage glycoprotein-39 or chitinase-3-like-1, is a 40-
kDa plasma protein without chitinase activity and a member of the mammalian chitinase-like
proteins (Rehli et al., 1997). YKL-40 is secreted by activated macrophages and macrophages
during the late stage of differentiation, neutrophils, chondrocytes, vascular smooth muscle
cells, and cancer cells (Bilim et al., 2010). Although the underlying mechanisms of OSAS are
currently not understood, current evidence suggests that inflammation plays a pivotal role in
the pathogenesis of OSAS (Carpagnano et al., 2010). A variety of circulating inflammatory
biomarkers, such as C-reactive protein (CRP), interleukin-6, and tumor necrosis factor-o, were
found to be increased in OSAS patients (Aihara et al., 2013). Therefore, we hypothesized that
YKL-40 may be involved in the pathogenesis of OSAS. In addition, YKL-40 has been shown
to be associated with T2DM. Several investigators have demonstrated that serum YKL-40
levels were elevated in T2DM patients and independently correlated with insulin resistance
(Rathcke et al., 2006; Nielsen et al., 2008). These observations indicate a possible association
of serum YKL-40 with T2DM in patients with OSAS.

The aim of this study was to determine whether serum YKL-40 levels are associated
with T2DM in patients with OSAS.

MATERIAL AND METHODS
Study population

This study consisted of 432 patients with OSAS who were referred to the same sleep
center of Linyi People’s Hospital for the evaluation of suspected OSAS. All participants un-
derwent full-night polysomnography using the Compumedics Voyager Digital Imaging E-
series system (Compumedics Sleep, Melbourne, Australia). OSAS was diagnosed according
to an apnea-hypopnea index (AHI) > 5. Patients with oropharyngeal and dental infections,
ongoing dental treatments, periodontal and gingival inflammation, laryngeal pathologies, a
history of asthma, chronic bronchitis, allergic rhinitis, chronic obstructive pulmonary disease,
and acute airway infection were excluded from the study. T2DM was diagnosed according to
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the following criteria: fasting glucose level >7.0 mM or 2-h postprandial plasma glucose level
>11.1 mM. Patients who had a clinical history of T2DM and were receiving oral hypoglyce-
mic or parental insulin medications were also eligible for this study.

The study was conducted according to the ethics guidelines of the Helsinki Declara-
tion and was approved by the Institutional Research Ethics Board of our hospital. All patients
provided written informed consent for participating in this study.

Measurements

Venous blood samples were obtained during the morning (7-8 am) after an overnight
fasting. These samples were separated by centrifugation and stored at -80°C. Serum YKL-40
levels were tested using an enzyme-linked immunosorbent assay (Quidel, San Diego, CA,
USA). The body mass index (BMI) was calculated as weight in kilograms divided by height
squared in meters (kg/m?).

Statistical analysis

Data are reported as means + SD or medians (interquartile ranges). Statistical analyses
were performed using the SPSS version 16.0 software (SPSS, Inc., Chicago, IL, USA). Data
normality was analyzed using the Kolmogorov-Smirnov test. Biochemical variables were
compared between OSAS patients with and without T2DM using the unpaired ¢-test, Mann-
Whitney U-test, and Chi-square tests, where appropriate. Univariate analysis was performed
and variables with a P < 0.10 were then entered into a backward stepwise multivariate logistic
regression model to assess independent predictors of T2DM. Spearman correlation analysis
was performed to evaluate the correlation between parameters. A P value < 0.05 was consid-
ered to be statistically significant.

RESULTS
Baseline clinical characteristics

The clinical and laboratory characteristics of OSAS patients with and without T2DM are
presented in Table 1. OSAS patients with T2DM showed higher CRP levels than those without
T2DM. There were no significant differences in other characteristics between the two groups.

Association of serum YKL-40 levels with T2DM in OSAS patients

According to the results, serum YKL-40 levels were significantly elevated in OSAS pa-
tients with T2DM compared to those without T2DM (Table 1). In the simple logistic regression
analysis, high-density lipoprotein (OR = 0.572, 95%CI = 0.315-1.038; P = 0.066), CRP (OR
=1.080, 95%CI = 0.991-1.176; P = 0.078), and YKL-40 levels (OR = 1.022, 95%CI = 1.017-
1.026; P <0.001) showed significant correlations with T2DM (Table 2). Therefore, all of these
variables were then entered into a backward stepwise multivariate logistic regression model.
According to the multivariate logistic regression, the YKL-40 level remained a significant and
independent predictor of T2DM (OR = 1.023, 95%CI = 1.018-1.028; P < 0.001; Table 2).
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Table 1. Clinical and biochemical characteristics of obstructive sleep apnea syndrome patients with and without
type 2 diabetes mellitus.

OSAS patients without T2DM OSAS patients with T2DM P

N 198 234

Age (years) 5448 £12.86 54.84 +10.23 0.745
BMI (kg/m?) 25.11 £3.65 25.67+3.83 0.123
SBP (mmHg) 134.19 +£22.67 136.41 +19.08 0.270
DBP (mmHg) 83.97+13.04 84.62 + 11.08 0.578
TC (mM) 522+1.19 528 +1.20 0.623
TG (mM) 1.94+£0.58 1.91£0.56 0.841
LDL-C (mM) 339+1.02 3.52+1.09 0.286
HDL-C (mM) 1.32+0.35 1.26 +£0.29 0.065
HOMA-IR 3.54+091 3.89+0.96 0.115
CRP (mg/L) 2.20(1.20-3.50) 2.60 (1.68-4.60) 0.017
YKL-40 (ng/mL) 135.72 (114.06-163.38) 205.02 (146.16-272.70) <0.001

The characteristics of CRP and YKL-40 are reported as median (interquartile range); other data are reported
as means = SD. BMI = body mass index; SBP = systolic blood pressure; diastolic blood pressure; TC = total
cholesterol; TG = triglycerides; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein
cholesterol; HOMA-IR = homeostasis model assessment of insulin resistance; CRP = C-reactive protein; T2DM =
type 2 diabetes mellitus; OSAS = obstructive sleep apnea syndrome.

Table 2. Logistic regression analysis for type 2 diabetes mellitus in patients with obstructive sleep apnea syndrome.

Simple regression OR (95%CI) P Multiple regression OR (95%CI) P
Age (years) 1.003 (0.986-1.019) 0.744
BMI (kg/m?) 1.041 (0.989-1.095) 0.124
SBP (mmHg) 1.005 (0.996-1.014) 0.270
DBP (mmHg) 1.005 (0.989-1.021) 0.577
TC (mM) 1.041 (0.888-1.221) 0.622
TG (mM) 0.988 (0.877-1.113) 0.841
LDL-C (mM) 1.092 (0.926-1.287) 0.296
HDL-C (mM) 0.572(0.315-1.038) 0.066 0.575 (0.285-1.158) 0.121
HOMA-IR 1.072 (0.983-1.169) 0.118
CRP (mg/L) 1.080 (0.991-1.176) 0.078 1.012 (1.003-1.019) 0.008
YKL-40 (ng/mL) 1.022 (1.017-1.026) <0.001 1.023 (1.018-1.028) <0.001

BMI = body mass index; SBP = systolic blood pressure; diastolic blood pressure; TC = total cholesterol; TG
= triglycerides; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol;
HOMA-IR = homeostasis model assessment of insulin resistance; CRP = C-reactive protein; OR = odds ratio;
CI = confidence interval.

Association of serum YKIL-40 level with other clinical characteristics

According to the Spearman correlation analyses, the serum YKL-40 level in OSAS
patients was positively correlated with BMI, systolic blood pressure (SBP), serum triglycerides
(TG) level, homeostasis model assessment of insulin resistance (HOMA-IR), and CRP level
(Table 3).

DISCUSSION

There were two novel findings in this presents study. Firstly, we determined that
OSAS patients with T2DM had higher serum YKL-40 levels than those without T2DM. El-
evated YKL-40 levels were significantly associated with T2DM in patients with OSAS. Sec-
ondly, serum YKL-40 levels in OSAS subjects were positively correlated with BMI, SBP, TG,
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Table 3. Spearman correlation analyses between YKL-40 and other clinical parameters.

Parameters T P

Age (years) 0.026 0.597
BMI (kg/m?) 0.184 <0.001
SBP (mmHg) 0.168 <0.001
DBP (mmHg) 0.094 0.052
TC (mM) 0.075 0.119
TG (mM) 0.108 0.025
LDL-C (mM) 0.071 0.141
HDL-C (mM) 0.060 0.214
HOMA-IR 0.224 <0.001
CRP (mg/L) 0.413 <0.001

BMI = body mass index; SBP = systolic blood pressure; diastolic blood pressure; TC = total cholesterol; TG
= triglycerides; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol;
HOMA-IR = homeostasis model assessment of insulin resistance; CRP = C-reactive protein.

HOMA-IR, and CRP. To the best of our knowledge, this was the first cross-sectional study in
which an association between serum YKL-40 levels and T2DM in patients with OSAS has
been demonstrated.

It has been previously reported that OSAS patients had an increased risk of develop-
ing impaired glucose tolerance, insulin resistance, and T2DM (Botros et al., 2009). According
to the Wisconsin Sleep Study, a total of 14.7% of subjects with an AHI > 15 (moderate and
severe OSAS) had a diagnosis of diabetes compared to 2.8% of subjects with an AHI <5 (no
OSAS), which indicates a greater prevalence of diabetes in patients with OSAS (Reichmuth
et al., 2005). Furthermore, there is a high rate of mortality and morbidity among patients who
have both T2DM and OSAS (Reutens, 2013). Therefore, it is important to assess the risk of
developing T2DM in OSAS patients. We showed that OSAS patients with T2DM had higher
serum YKL-40 levels than those without T2DM. Serum YKL-40 levels may serve as a risk
predictive biomarker for T2DM in OSAS patients. Other investigators have also found an as-
sociation between serum YKL-40 levels and T2DM. Circulating concentrations and visceral
adipose tissue expressions of YKL-40 were significantly higher in obese patients with T2DM
compared to both lean and obese normoglycemic volunteers. In addition, circulating concen-
trations and visceral adipose tissue expressions of YKL-40 were associated with variables of
insulin resistance (Catalan et al., 2011). In another study, serum YKL-40 levels predicted the
mortality of patients with T2DM (Persson et al., 2012). These results suggest that YKL-40
may be involved in the pathogenesis of T2DM, especially in OSAS patients.

YKL-40 was found to act as an inflammatory marker in both acute and chronic in-
flammation. Serum YKL-40 levels were correlated with CRP levels in patients with acute
ST-segment elevation myocardial infarction and stable coronary artery disease (Wang et al.,
2008). In addition, serum YKL-40 levels were found to be significantly associated with CRP
in patients with early rheumatoid arthritis (Harvey et al., 2000). Similar results were found in
our study, which indicated an association of serum YKL-40 levels with CRP. Inflammation
plays an important role in both OSAS and T2DM. Therefore, these results indicate a possible
inflammatory effect of YKL-40 in the mechanism of T2DM development in OSAS patients.

According to the current results, serum YKL-40 levels were correlated with BMI, SBP,
HOMA-IR, and TG, which are multiple components of metabolic syndrome. Similarly, other
investigators have demonstrated that high serum YKL-40 levels were significantly related to
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some key markers of metabolic syndrome in patients with T2DM and polycystic ovary syndrome
(Rathcke et al., 2006; Reondbjerg et al., 2011; Celik et al., 2012). These findings suggest that
YKL-40 may play an important role in the pathogenesis of metabolic syndrome. Furthermore,
YKL-40 may be involved in the crosstalk between metabolic syndrome, OSAS, and T2DM.

It should be mentioned that the current study inevitably has some limitations. Firstly,
the modest sample size in this study could impede our ability to determine weak associations.
A larger sample size is required to determine whether the insignificant results were attributed
to false negative data. Secondly, this was designed as a cross-sectional study. A prospective
cohort study may provide a more definitive evidence for the increase of YKL-40 levels due to
OSAS. Lastly, we did not determine serum YKL-40 levels in healthy controls. Therefore, we
were unable to determine if there was a significant difference in serum YKL-40 levels between
healthy controls and OSAS patients without T2DM.

In brief, OSAS patients with T2DM had significantly elevated serum YKL-40 lev-
els compared to those without T2DM. Serum YKL-40 levels were positively correlated with
multiple components of metabolic syndrome. Serum YKL-40 levels may be an independent
predictor of T2DM in OSAS patients. More longitudinal studies are required to gain insight
into the potential utility of YKL-40 as a biochemical determinant of disease progression and
prognosis of T2DM in OSAS patients.
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